NJUEG4aZ26

8—-CHARACTER 4—LINE WITH EXTENSION FUNCTION
DOT MATRIX LCD CONTROLLER DRIVER

Il GENERAL DESCRIPTION B PACKAGE QUTLINE
The NJUB426 is a Dot Matrix LCD controller driver for
8-character or w to 24-character 4-line with icon dis-
play in single or combine with some of extension driver.

It contains voltage converter, bleeder resistance, (R
oscillator, microprocessor interface circuits, instruc-
tion decoder control ler, character generator ROM/RAM,
high wvoltage operation common and segment drivers and
extension driver interface circuits.

The voltage converter and bleeder resistance generates
about twofold voltage(10V) and bias voltage for LCD dri-
ving waveform internally from single power supply (5Y).
Conseaquently, high-contrast display can be performed NJUG426F
though the simple power supply circuits.

The CR oscillator incorporates C and R, therefore no
external components for oscillation are reauired.

The microprocessor interface circuits which operate by
2MHz, can be connected directly to 4/8bit microprocessor.

The character generator consists of 9,600 bits ROM and
64 bytes RAM.

The 33-common ( 32 for character, 1 for icon ) and 40~
segment drivers are operated up to 13.5V, and the icon
common driver display up to 40 or 80 icon in single or
combine with some of extension driver.

B FEATURES
@ 8-character 4-1ine Dot Matrix LCD Controller Driver
@ Maximum 80 icon Display (Using COMss)
@ 4/8 Bit Microprocessor Direct Interface
@ Display Data RAM - 96 x 8 bits : Maximum 24-character 4-line Display
@ Character Generator ROM - 9,600 bits . 240 Characters for 5 x 7 Dots
@ Character Generator RAM - 64 x 8 bits : 8 Patterns( 5 x 7 Dots )
@ High Voltage LCD Driver : 33-common / 40-segment
@ Maximum Display Character Number :

Disp. Line |Ext. Drv [Display Char. | DD RAM | Disp. Line |Ext. Drv | Display Char. | DD RAM

. NON_ | 16 Characters _ NON 8 Characters |80 x 8
2 Lines | NJUG407C | 24 Characters |80 x 8] 4 Lines |NJUBA17C | 20 Characters bits
NJUB407C | 32 Characters bits
NJUG417C | 40 Characters NJUG416 |24 Characters |96 x 8
or 6415 bits

@ VUseful Instruction Set : Clear Display, Return Home, Display ON/OFF Cont, Cursor ON/OFF Cont,
Display Blink, Cursor Shift, Character Shift

@ Extension Function

@ Power On Initialize / Hardware Reset Function

@ Voltage Converter and Bleeder Resistance On-chip

@ Oscillation Circuit On-chip

@ Low Power Consumption

@® Operating Voltage -— 5V :

@ Package Outline ---  Chip / @FP 100 / TCP

@

C-M0S Technology
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Il PIN CONFIGURATION
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B TERMINAL DESCRIPTION

NO. SYMBOL FUNCTI ON
36 Voo Power Source ( +5V)
50 Vss Power Source ( OV)
30,31,32) V.,Vs,Vs LCD Driving Voltage Output for Extension Driver and LCD Driving
Volitage Adjust Terminals.
52 0SC, Oscillation Frequency Adjust Terminals. Normally Open.
51 0SC: (Oscillation C and R are incorporated, Osc Freqg.=330kH2)
For external clock operation, the clock should be irput on 0SC,.
Reglster selection signal input(Pul I-up resistance On-chip)
38 RS . Instruction Register Writing)
... . Busy Flag, Address Counter (Reading)
1" . Data Register (Writing/Reading)
39 R/ Read/erte selection signal input(Pull-up Resistance On-chip)
D Write , "1" : Read
40 E Read/Write activation signal input
3-state Data Bus(Upper) to transfer the data between MPU and
45~48 | DB.~DB- NJU6426.
DB+ is also used for the Busy Flag reading.
3-state Data Bus(Lower) to transfer the data between MPU and
41~44 | DB.~DBs NJUG426.
These bus are not used in the 4-bit operation.
26 CL: Latch Clock Output for Serial Data
27 CL Shift Clock Output for Serial Data
28 M Alternating signal for LCD Driving Output Terminal
Serial Data Qutput Terminal : The serial character pattern data
29 D output correspond to the each common signals.
"0” - No-active , "1” - Active
68~61 JOOM ;~COM s | LCD Common Driving Signal
9~16 | COM o~COMs6 | If the OOM,,~COMs> are not to be used, please keep it in open
60~53 (X)Mn~C(Mz4
‘7“"24 W%"'C(Maz
25 COMss Icon Common Driving Siegnal
69~100 | SEG ;~SEGs> | LCD Segment Driving Signal
1 ~8 SEGss~SEGao
35 C. Capacitor for Voltage Doubler Connecting Terminal ( +)
34 C2 Capacitor for Voltage Doubler Connecting Terminal ( - )
37 Vi Inout Terminal for Voltage Doubler (Normally Vo: = Vop)
33 Vsour Voltage Doubler Qutput Terminal
49 RESET Reset Terminal. When the "L” level input over 1.2ms to this
terminal, the system will be reset(fosc=330kH2)
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M FUNCTIONAL DESCRIPTION
(1) Description for each blocks
(1—1) Register

The NJUB4Z26 incorporates two 8-bit registers, an Instruction Register (IR) and a Data
Register(DR). The Register(IR) stores instruction codes such as "Clear Display” and "Return
Home”, and address data for Display Data RAM(DD RAM) and Character Generator RAM(CG RAM).

The MPU can write the instruction code and address data to the Register(IR), but it carmnot
read out from the Register(IR).

The Register(DR) is a temporary stored register, the data stored in the Register(DR) is
written into the DD RAM or CG RAM and read out from the DD RAM or CG RAM.

The data in the Register(DR) written by the MPU is transferred automatically to the DD RAM
or C6G RAM by internal operation.

When the address data for the DD RAM or CG RAM is written into the Register(IR), the ad-
dressed data in the DD RAM or CG RAM is transferred to the Register(DR). By the MPU read out
the data in the Register(DR), the data transmitting process is performed completely.

After reading the data in the Register(DR) by the MPU, the next address data in the DD RAM
or CG RAM is transferred automatically to the Register(DR) to provide for the next MPU reading.

These two registers are selected by the selection signal RS as shown below.

Table 1. shows register operation controlled by RS and R/W signals.

Table 1. Register Operation

RS |R/W |]Selected Register Operation

0 0 IR Write

0 1 Read busy flag(0B;) and address counter (DBo~DBs)
1 0 -DR Write (Register(DR) to DD RAM or CG RAM)

1 1 Read (DD RAM or CG RAM to Register (DR))

(1—2) Busy Flag (BP)

When the internal circuits are in the operation mode, the busy flag BF) is "1”, and any
instruction reading is inhibited.

The busy flag (BF) is output at DB, when RS="0" and R/W="1" as shown in Table 1.

The next instruction should be written after the busy flag(BF) goes to "0".

(1 —3) Address Counter (AC)

The address counter(AC) addressing the DD RAM and CG RAM.

When the address setting instruction is written into the Register(IR), the address informa-
tion is transferred from Register(IR) to the Counter(AC). The selection of either the DD RAM
or CG RAM is also determined by this instruction.

After writing (or reading) the display data to (or from) the DD RAM or (G RAM, the Counter
(AQ increments (or decrements) automatically.

The address data in the Counter (AC) is output from DBs~DBo when RS="0" and R/W="1" as shown
in Table 1.
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(1—4) Display Data RAM (DD RAM)

The display data RAM (DD RAM) consists of 96 x 8 bits stores up to 96-character display data
represented in 8-bit code. Normally, only 80 X 8 bits of the display data RAM (DD RAM) are
using and specially 96 X 8 bits are using in 24-character 4-line display.

The urused display data memory area in the DD RAM can be used as a general data memory area.
The DD RAM address data set in the address counter (AC) is represented in Hexadecimal.

«Higher order bit Lower order bit—s ( Example) DD RAM address " 4E "
ac|acs [acs [Ac. Jac. [ac. [ac, [aco | [o 1 {1 |1 Jo |
< Hexadecimal —<  Hexadecimal i - [ ———

L Lo
—— 4

(1 —4-—1) 16-character 2-line Display ( N=0, E1=0, E0=0 )

The relation between DD RAM address and display position on the LCD is shown below.

I_ NJUG426 (COM; ~COMs) _l_ NJUG426 (COMs~COM ) _l
12 3 4 5 6 7 879 10 11 12 13 14 15 16"« Display

st Position
Line |00 (01 (02|03|(04({05|06|07|08{09 0A|0B|0OC|OD]OE|OF
2nd < DO RAM Address
Line |40 (41 |42 143 |44 (45|46 |47 |48 (49 |4A | 4B |4C (4D | 4F | 4F (Hexadecimal)

b NJUBA26(COM, ,~COMze) —d—  NJUGA26(COMos~COMsz) —d

Note ! In the 2 lines display mode, the st and 2nd line address are defined as (00)x
to 27w and (40} to (67)u.  Please note that the end of Ist line address and
the beginning of 2nd line address are not consecutive.

When the display shift is performed, the DD RAM address changes as follows:

( Left Shift Display )
(O0)—]01(02|03|04|05|06|07|08|09|0A[OB|OC|0OD]|OE|OF]|10
(40)— 141 (42 |43 |44 |45 (46 {47 |48 |49 [4A | 4B 1 4C | 4D | 4F | 4F | 50

( Right Shift Display )
2710001020304 |05|06[07 |08({09(0A{OB|OC|OD|OE]—(0P
67 |40 |41 |42{43 |44 |45 |46 |47 |48 |49 [4A | 4B {4C | 4D | 4E | —(4P)
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(1 —4-—2) 24-character 2-1ine Display (N=0,E1=0,E0<1)...

(Extension Driver = NJUG40TC)

The relation between DD RAM address and display position on the LCD is shown below:

NJUG426 (COM; ~COMs) NJUG407C NJUB426 (COMo~COM 1 6) NJUB407C
I 1 2 3 «-een 8'9 10 1112 |13 14 15 --vve- ZOIZI 2 23 24I*—D|splay
15t e e e s e § ——————————— - e o Position
5'!39 00(01102]| .- o7 _0_8_:99_:_0!\_:(_]? oc|oIoE]|----- 13 _]9‘_1-5_ _1_6_ 1-7—'<—DDRAM
Line 40 (41 (42 -+---- 47 148 149 14A 1 4B |4C | 4D |4E | ------ 53|54 55 56 5(' Address
et DEL DRI LR * (Hexadecimal)
L | I | |
NJUG426 (COM. - ~COM24) NJUG407C NJUG426 (COMos~COMs2)  NJUBAOTC
When the display shift is performed, the DD RAM address changes as follows:
( Left Shift Display )
...... qesapas cammeaqanapas
©0)—— |01 {0203 | c---- 08 OQ'QA.G_B_,O(_: OD |OE|OF | »ee--- 14 _15__1(:2 _l:f_ 18'
(40)—— | 41 (42 |43 | -« 4849 4A 48 4C 4 [4E [4F | +----- 54 55556!57i_58:
( Right Shift Display )
27100 |01 «-2v-- 06 |07 108 _0_9__(_]1_\ B{OC|OD|-e>-- 12 _13__1_4_ _1§ 1_(3'-——’(17)
67140 |41 | -=---- 46 | 47 48,49.4A AB14C | 4D | cvvv-- 5215354 55.56'—-—*(57)

(1 —4—3) 32-character 2-line Display (N=0,E1=1,E0=0)...

(Extension Driver = NJUG4OTC)

The relation between DD RAM address and display position on the LCD is shown below:

NJUBA426 (COM 1 ~COMs) NJUs407C NJUB426 (COMs~COM1s) ~ NJUBAO7C
‘| 2 3 ...... 8[ 9 ...... ]5 ]7 ]8 ]9 ...... 24 25 ...... 32]<—D|sp|ay
Ist T T o s mases o mrs e Do EEGALEEELE r==%  Position
Llne 00 0] 02 ...... 07 08: ...... :OF:]O ” ]2 ...... ]7 ]8: ...... :]F:
nd P P er s DD RAM
Line |40 |41 |42 |------ 47 (481 - o-e- L 4F 150 |51 |52 [ - 57581 cec-e '5F 1 Address
---------- benoh enssnunenabacd (Hexadec”'al)
L ] 1 ] ]
NJUG426 (COM: -~COM2«)  NJUB4OTC NJUG426(COM2s~COMs2) ~ NJUG4OTC
When the display shift is performed, the DD RAM address changes as follows:
( Left Shift Display )
---------------- e mmemepany
©o0«——|01{02]03]---- 0809 ------ 110111 |12]13] - 1819} ------ 120}
A0 —— |41 {42 ]43]----- s 150 151 |52 |53 | xe-ee 58 |59 1 evee 160 &
(Right shift Display)
270001 [----- 06 |07 +«e-=+ 1OELOF |10 |11 -=x-- 16 |17 1 -+ HIE I ——>(P)
67 40 4] ...... 46 47i ...... L?EEMZ 50 51 ...... 56 -5:(-5- ...... ESE} __,(SF)
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(1 —4—4) 40-character 2-line Display (N=0,E1=1,E0=1)... (Extension Driver = NJUG417)
The relation between DD RAM address and display position on the LCD is shown below:
NJUG426 (COM, ~COMs) NJUG407C NJU6426 (COMs~COM 1 5) NJU6407C

I “ 2 3 ...... 8 I 9 ...... 20 z‘l 22 23 ...... 28 |29 ...... 40I «— DlSD|ay
ls-t messmunana g “smesnsens e Posrt'm
Line 00 0102 ] ------ 07 [08: - 113114 [15[16 [ ------ B[1C] e ¥
nd Rt st e ———————— — = tmm————- |r-*—~|<——DDRAM
Line {40 |41 |42 ------ 47 HEERRRE 153,54 (55|56 |- 5B |5C .- 1 673 Address

R [ ssslenassse “med (Hexadec'm|)

L | | 1 j

NJUGA26 (COM, ~COM2 ) NJUB407C NJUG426 (COM 25 ~COM3 2) NJU6407C
When the display shift is performed, the DD RAM address changes as follows:

( Left Shift Display )

g 3 e 447342 7 e S 3
(40)4__ 41142143 -vve- 48 495 ...... 3.54i55 56167 | «c---- 5C SDE ...... i.4oj
( Right Shift Display)
2zioolory----- 06 _07—5_._._._... _i_]g i 1311415 -c---- 1A ]?_E_::._._.:_i gﬁ_j —(2D
671401471 | «v--- 46 | 47 E ...... i 52 E 53 |54 |55 | «evres 5A | 5B E ...... E 66 H —— (67

eremmssmennan cnemssmamomeun

(1 —4—5) 8-character 4-line Display (N=1,E0=0)

The relation between DD RAM address and display position on the LCD is shown below:

1 2 3 4 5 6 7 8 < Display Position

st
COM1~C048L?n90001020304050607

! DD RAM Address
COMs ~COM:s Line|20(21 (22|23 |24 |25 |26 |27 | < .

3rd (Hexadecimal)
COM; 7 ~COM24 :Ii‘lcﬂe 40 (41|42 143 |44 |45 (46 | 47
COM25~‘CW32 Line | 60 | 61 | 62 63|64 (65|66 67

When the display shift is performed, the DD RAM address changes as follows:

( Left Shift Display ) ( Right Shift Display )
(00)——|01]02103|04{05}06]|07|08 13{00(01|02/03(04(05|06|——(07
Qy—— 21|22 |23|24}25{26 |27 | 28 3B|20(21 (2223|248 |25|26)——(@2D
(40)—— |41 |42 143 |44 | 45| 46 | 47 | 48 53140 |41 (42143144 |45 46| —— (4D
(B0)—— |61 |62 (63|64 65|66 |67 |68 73|60 |61 (62|63}64]|65|66]——(67
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(1 —4—6) 16-character 4-1ine Display (N=1,E0=0)..

.(Extension Driver = NJUG4OTC)

The relation between DD RAM address and display position on the LCD is shown below:

1st
COM, ~COMs Line
2nd

COMs ~COM.1 6 Ijuge
r

COM, 7 ~C0M24 Line
4th

COM2s~COMs2 Line

NJU6426

|123

4 5 6

NJU6407C —-—-—I
8| 9 10 'Il 12 13 14 15 16 *—DisD|ay Position

000102030405

2012122123124 |25

DD RAM Address
2728292AZBZCZDZE2F-'—

40 |41 |42 143 |44 1 45

7
06
2%
46

(Hexadecimal)

60|61 |62 |63 64|65

66

When the display shift is performed, the DD RAM address changes as fol lows:

00—
(20)——
U——
(60—

(1 —4—7) 20-character 4-1ine Display (N=1,E0=0)...

( Left Shift Display )

01102103 |04(0506

o7

2112212312425 126

2

28292AZBZCZDZE2F30'

41 421431444546

47

"'1""‘|""|"'r "1"'1""""

48] 49 4A 4B 4C 4D 4E 4F 50.

61 |62 |63 |64 | 65|66

( Right Shift Display )

1310001 |02 04

33 2123|224

53140 (41142143144

73|60 |61 |62 (63|64

(Extension Driver = NJUS417C)

The relation between DD RAM address and display position on the LCD is shown below:

COM, ~COMs 1st
Line

COMB ""COMm End
ne
COM ;7 ~COM2 4 3I'd

COM25~COMs2 4th
Line

NJU6426

I123

4 5 6 7 8 __9_ _19_________ e ]9_20 « Display Position
0010102 0304050607:08:09: -------------- 1121134
e t------1 DD RAM Address
2012112212324 (25|26 {27! 28 29' ------------- 132133«
------------------- ke (Hexadecimal)
40141142 14314445 |46 | 47, _4_8_ f‘?_'_:'_'_'_":_'::'_ ''''' 15253,
60 [ 61 [62 (63 |64 65 |66 | 67168 69 --orrvsoonn 17273

WNew Japan Radio Co. Lid.
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When the display shift is performed, the DD- RAM address changes as follows:

00—
@
e
60—

( Left Shift Display )

01 /02 (03 |04 [05{06 |07 | 08308 (0 - mvvvvvenne- 113100 ;
21]2|8 u]5|5 [z ]Bininl o iw D)
4114214344 |45 (46 47 |48 149 1A - evennrnnnn 153140}

61 [e2 |63 64 [ 65 [e6 o7 [en @ fon oo im0

( Right Shift Display )

1300 o1 0203 [04 o5 [o6 07 ig----xoooo- {1 T2 —a9)
332021 |22(23 (24 {25 (26327128} - reevrrennn 131132 ——(33)
53140 |41 [42[43 |44 45 [d6 a7 a8 -t w2k — (s
2 EI G A G C) I A R R T

(1 —4—-8) 24-character 4-line Display (N=1,E0=1)...(Extension Driver = NJUG416)

The relation between DD RAM address and display position on the LCD is shown below:

Ist
COM; ~COMs Line
2nd

COMo ~COM1 s I:.)’ige
r

CW17~W24 k]ﬂl’:e

CWzs“mMsz Line

When the display shift is performed, the DD RAM address changes as follows:

(00)——
@0 ——
(40—
(60)—~

( Left Shift Display )

01

02

03

04

0506 |07

21

22

23

24

526 |27

4

2

43

44

45 1 46 | 47

61

62

63

64

65 |66 |67

(Ri

ght

Shif

t Di

17

0

02

03 (04 (05

37

20

21

2

24|25

57

40

4

2

7

61

62

23
43 |44 | 45
63 | 64 | 65
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I’——— NJUG426 | NJUB416 —|
1 2 3 4 5 6 7 8'9 .-uvn. 16 17 seeveees 24 ' — Display
---------- Tommmmsymsseesegeny Position
00(01(02|03|04(05|06]07:08 -+~ VOF 310 ) veeeeens 17
i Satateieete el bl +---+ DD RAM Address
20(21(22(23]24{25(26 (271281 ---+---- 12F 1300 cenneenn 137« _
VS bbb S A bt e i (Hexadecimal)
40141142143 144145 |46 47:4_8_:_'_'::'_ ''''' :fﬂ_:_:_ﬁ(l_!_'_'_'_'::'_'_:_S_T_:
60 (6162|6364 |65|66 |67 168 --ccne- ~6F 70. -------- V77
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(1 —5) Character Generator ROM (CG ROM)

The Character Generator ROM (CG ROM) generates 5 x 7 dots character pattern represented in
8-bit character codes.

The storage capacity is up to 240 kinds of 5 x 7 dots character pattern.

The correspondence between character code and standard character pattern of NJU6426 is shown
in Table 2-1 and 2-2.

User-defined character patterns (Custom Font) are also available by mask option.
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Table 2-1. CG ROM Character Pattern ( ROM version -02 )

Upper 4 bits ( Hexadecimal )
0/1(2/3[|4|5/6|7|/8|9|/A|B|C|D|E|F
co [Embl A PUHES ] "l e e S
0 RaM et | R i A I
1 L phila || ey
{02}
o ||| e e e e e R R [
(03)
3 LT e [ T ]
(D4} 7"
4 REELEED
— SRS ISR N (N S AN S N (N (S N
£ 5 BRI ] R N L s A L A I R A B
HE e
£ (7
2|7 : | eeen | B [t [ | oo [aee
0 (08
- sfeete ] 2] LT
| 8|
9 Ploiiln | 3| gty
I {02)
A SO0 PO DU ] o U T T B
(03)
B I O B A I P O S s ......
(04
(05)
D ALL ol | B N R B A R A RS N [P
(06)
E g |eede o (i oy [T
(07)
F HI. o |ofase ::::: PO R L B SR
(08)
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Table 2-2. CG ROM Character Pattern ( ROM version -03 )

Upper 4 bits ( Hexadecimal )

0/1/2/3|4|5/6/7/8|9/A|B|/C/D|E|F

PO SR G A AR N T
0 |FAm| L. LR S e R R S HO IS
(01)

(02)
..... e
LY [ U I TR0l PO 1A
272 R L R TS IO L I S
(03)
3 :E :i:i: llllllllll
(04) 0o
4 '5' '"E. [ I T T IS L I T A A P N I LA
(05)
N i3 rren
~15 : I e LI 1 o 8 EJCT It SO Pl B S IO i
[ (06) i
§ 6 R0 R P R VO 0 P N S [ PP PO 1 P
2 (07)
~’ : .s
2|7 s 8 i i
‘a (08)
HIR : ] HN
N $ooet O O FIr T LI S e e H A
@ 23 [ P L UL H s B N R T T £
z (on
-}

(02)

R I N I H
A E - L] * '. :.‘.- . - :-.I ...... E§=
U e B B e e e Il At L E B R
5 o e E L L [
i RSO VO O R G 3 IR [ O
(04) 7
C H = II:.. :l.l:
e | ¥ " |t % R T T T T A LR IELR IO et Ca I
(05) ) : .l ses | sesan
.......... vil R R R R T A T .
D ..... ..i oo . .:.l. o ane : llllll
(06)
E 10 B I BT A B el
o)
F = i..s ..... LILR PR s B LR LS B Ll LN L E!:

(08)
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(1 —6) Character Generator RAM ( CG RAM )

The character generator RAM ( CG RAM ) can store any kind of character pattern in 5 x 7 dots
written by the user program to display user’s original character pattern and icon data. The CG
RAM can store 8 kind of character in 5 x 7 dots mode or 6 kind of character in 5 x 7 dots mode
and icon data.

To display user’s original character pattern stored in the CG RAM, the address data 0= -
ONx or (08)x - (OF)x should be written to the DD RAM as shown in Table 2-1 and 2-2.

Table 3. show the correspondence among the character pattern, CG RAM address and Data.

Unused memory area of the CG RAM can also be used as the general data memory area.

Table 3. Correspondence of CG RAM address, DD RAM character code
and CG RAM character pattern( 5 x 7 dots ).

Character Code CG Character
Pattern
(0D RAM Data) RAM Address (CG RAM Data)
76543210 543 210 76543210
— —— —— —_— “—— —_—
U L Low U L
Pt it itobit| | Bt Bl
000 '
001
010
011 Character Pattern
0000x000 000}8? Example (1)
110 o
______ i i 1 11 «—Cursor Position
000
001
010
011 Character Pattern
0000x001 001 }8(]) Example
110
_________________ __________1_1__1_ «—Cursor Position
000
001
0000%x111 111 |
100 ‘
101 ' ¥ Don’t Care
110 '
111 X X %!

Notes : ]. Character code bit 0 to 2 correspond to the CG RAM add. 3 to 5(3bits:8 patterns).
2. address 0 to 2 designate character pattern |ine position. The 8th line is
the cursor position and the display is performed by logical OR with cursor.
Theretore, ip gase of the cursor display, ihe 8th line should be "0".
t there 1s "1" 'in the 8th line, the bit "1” is always displayed on the cursor
position regardless of cursor existence. ,
. Character pattern row position correspond to the CG RAM data bits 0 to4are
shown above. The bits 5 to 7 of the RAM are not appear on the display (no
meaning for the display), but memory elements are existing, therefore it can be
gged as the general purpose RAM. )
character patterns are selected when character code bits 4 to 7 are all
ad it is addresged by hagacter code bits 0 to 2. Therefore, the address
00 and (08)x, O)x and ;09 Hy ~"===== 07 u and (OF)n select the same cha-
raster patierl as shom in Table 2-1 and 2-2. d "0” to display Off
. or ata corr s to display On an o display Off.
. CG RAM address ?30& to %%53 are using for both of charac%gr pattern memory and
icon data memory.

w

F-S

[op13)]
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(1—=7) Icon Display Function

The NJU6426 can display not only 5 x 7 bits character pattern but also maximun 80 icons.

The icon can display by writing bit "1” to each data bit 0 to 4 in the address (30)= ~
(3F)H of CG RAM.

The icon display data is not affected except CG RAM writing and display ON/OFF instruction.

The relation between CG RAM address and icon display position on the LCD is fixed even if
the display shift is executed. The relation is shown below:

- K3k

SEG/display |1 2345 |6 780 101112131415
COMK Fo~3Fo | F.~3, | 3D~3Do

3F.~3Fc

31,~31 0

Notel) The 3F. corresponds bit 4 of (3F) = in CG RAM.

< CG RAM vs. SEG terminal
for icon display > Maximum Character Nurber and lcon Display Number in CG RAM

CG RAM data SEG Icon Disp. [Max. Chara Note
ad 76543210 |terminal Number Number

o
=
D
A

00110 | 76—~80
o100 1 71<75 No Use 8 Chara.

%6k00000 | 66~T70
*x+00000 | 61~65

0D = and OF)= can not use for Character
Memory.

40 lcons | 7 Chara.

K]
31
32
5 06) u, (0N u, (0B (1))
A $k00000 | 56~60 06) 1, (07 &, a and (OF) s can not use for
3 [ o000000 | 5155 | | B0 'oons | 6 Chara. | oaacter Memory.
% mmommﬂm :?ﬁ Note?) When the icon display function using, the system should be
B £00000 | 3620 initialized by the software initialization  because of the
9 100000 | 3135 CG RAM does not initialize except the software initialization.
3A | +00000 | 26~30 Maxipum |con Display Nurper -
3B ¥00000 | 21~25 Line[Digit|Extention |Max. tcon | Line|Digit|Extention [Max. Icon
X k00100 | 16~20 Driver [Disp.Number Driver |Disp.Number
D k00000 | 11~15 16 | No Use 40 8 [ NoUse 40
x 000100 | 6~10 2 NJUG40TC, 60 16 NJUB4QTC, 80
x 100000 | 1~5 NJUG407CR NJUB407CR
2 T Msre, | o e e |
NJUB407CR
NJUG415,
40 |INJUBAITC 80 24 NJUBA16 80
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(1—8) Timing Generator

The timing generator generates a timing signals for the DD RAM, CG RAM, CG ROM and other
internal circuits operation.

RAM read timing for the display and internal operation timing for MPU access are separately
generated, so that they may not interfere with each other.

Therefore, when the data write to the DD RAM for example, there will be no undesirable
influence, such as flickering, in areas other than the display area.

This circuit also generates to control signals for the extension driver NJUG4OTC, 6417C or
6416.

(1—9) LCD Driver

LCD driver consist of 33-common driver and 40-segment driver.

When the line number is selected by a program, the required common drivers output the common
driving waveform and the other common drivers output non-selection waveform automatically.

The 40 bits of character pattern data are shifted in the shift-register and fatched when the
40 bits shift performed completely. This latched data controls display driver to output LCD
driving waveform.

(1—10) Cursor Blirking Control Circuit

This circuits controls cursor On/0ff and the cursor position character blinks.

The cursor or blinks appear in the digit residing at the DD RAM address set in the address
counter (AC).

When the address counter is (08)u, a cursor position is shown as follows:

ACs ACs AC. ACa AC AC: ACo
acyf ol ol of 1] o] ofof

1 2 3 4 5 6 7 8 9 10 11 12 <« Display position
2-line 00(01|02]{03}04]105(06|07|08|03|0A|0B| <« DD RAM address
Display |40 |41 (42(43 44145146 |47 148149 |4A (4B (Hexadecimal)

T Cursor position

1 2 3 4 5 6 7 8 9 10 11 12 « Display position
00|01(02|03(04({05|06(07(08(09{0A(0B
DD RAM address
4-line 20(21122(23|124(25 (26 |27 (28|29 (2A | 2B} <« )
) (Hexadecimal)
Display |40 (41 (42 (43|44 |45 (46|47 |48 |49 |4A |48
60|61 (62|63 |64(65|66|67|68|69|6A!|68

T Cursor position

(Note) The cursor or blinks also appear when the address counter (AC) selects the CG RAM.
But the displayed cursor and blink are meaningless.
If the AC storing the CG RAM address data, the cursor and blink are displaved in
the meaningless position.
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(2) Power on Initialization by intermal circuits

(2—1) Initialization By Software

The NJU6426 is automatically initialized by internal power on initialization circuits when the
power is turned on. In the internal power on initialization, following instructions are exe-
cuted. During the Internal power on initialization, the busy flag BF) is "1” and this status
is kept 10 ms after Voo rises to 4.5V.

Initialization flow is shown below:

Clear Display

Function Set

Display On/0ff
Control

Entry Mode Set

DL=1 :8-bit long
interface data

N=0 :2-Line Display

E1=0, EO=1 . 24-character

Display

D=0 :Display 0ff

C=0 :Cursor Off

B=0 :Cursor Blirk Off

/D=1 Increment by 1
S=0 :No Shift

— NOTE
If the condition of power supply
rise time described in the Elec-
trical Characteristics is not sa-
tisfied, the internal Power On
Initialization Circuits will not
operated and initialization will
not performed.

In this case the initialization
by MPU software is required.
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(2—2) Initialization By Hardware

The NJUB426 incorporates RESET terminal to initialize the all system. When the "L” level
input over 1.2ms to the RESET terminal, reset sequence is executed. In this time, busy signal
output during 10ms after RESET terminal goes to "H".

- Reset Circuit

RESET Hardware Reset
;j > SYSTEM RESET
POWER ON RESET

*Timing Chart

< Over 1.2ms —>|
External Reset

Signal

RS-F/F Qutput -—’_—_L
Internal Reset _IJ
Signal

— 10ms

Busy |

(3) Instructions

The NJUBAZ26 incorporates two registers, an Instruction Register (IR) and a Data Register (DR).

These two registers store control information temporarily to allow interface between NJUGAZ6
and MPU or peripheral ICs operating different cycles. The operation of NJUG426 is determined by
this control signal from MPU. The control information inciudes register selection signals (RS),
read/write signals (R/W) and data bus signals (DBo to DB,).

Table 4. shows each instruction and its operating time.

Note 1) The execution time mentioned in Table 4. based on fcp or fosc=330kHz.
If the oscillation frequency is changed, the execution time is also changed.
Note 2) When the reset function is executed, 40-character 2-line is selected.
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Table 4.

Table of Instructions

INSTRUCTIONS

C 0 D E
RS R/W DB» DBs DBs

DB. DBs DB DB: DBo

DESCRIPTION

EXEC
TIME

Maker Testing

0 000 O0O0°0WO

0

0 0

All "0” code is using for maker
testing.

Clear Display

0 0 0 O

Display clear and sets DD RAM
address 0 in AC.

Return Home

Sets DD RAM address 0 in AC and
returns display being shifted to
original position.

DD RAM contents remain unchanged

Entry Mode Set

I/D S

Sets cursor move direction and
specifies shift of display are
performed in data read/write.
1/D=1:Increment, |/D=0:Decrement
S=1:Accompanies display shift

30us

Display On/0ff
Control

Sets of display On/0ff(D),
cursor On/0Ff(C) and blink of
cursor position character(B).

30us

Cursor or
Display Shift

S/CR/L x

*

Moves cursor and shifts display
without changing DD RAM contents
$/C=1 : Display shift

S/C=0 : Cursor shift

R/L=1 : Shift to the right
R/L=0 : Shift to the left

45us

Function Set

*

Ei Eo

Sets interface data length(DL),
number of display lines(N) and
display character number.
Character font is fixed 5 X 7.
DL=1 : 8 bits , DL=0 : 4 bits
N=1 : 4-line , N=0 : 2-line
Please refer (g) for Eo and E;.

30us

Set CG RAM
Address

Sets CG RAM address. After this
instruction, the data is trans-
ferred to/from CG RAM.

Set DD RAM
Address

Sets DD RAM address. After this
instruction, the data is trans-
ferred to/from DD RAM.

3us

Read Busy Flag
& Address

_—

Reads busy flag and AC contents.
BF=1 : Internally operating
BF=0 . Can accept instruction

Ous

Write Data to
CG & DD RAM

———

Write Data

—_——

Writes data into DD or CG RAMs.

30us

Read Data from
CG or DD RAM

PRI

Read Data

—_——

Reads data from DD or CG RAMs.

45us

Explanation of
Abbreviation

DD RAM : Display data RAM , CG RAM : Character generator RAM
Acc . CG RAM address , Aco : DD RAM address, Corresponds to cursor address
AC © Address counter used for both of DD and CG RAMs

New Fapan Radio Co. L.
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(3—1) Description of each instructions
(a) Maker Testing

RS RMW DB, DBs DBs DB DB: DB, DB, DBo
Code [0 J0 [0 [o Jo [o oo TJoT o]

All "0" code in 4-bit length is using for device testing mode ( only for maker ).
Therefore, please avoid all "0” input or no meaning Enable signal irput at data "0”.
(Especial ly please pay attention the output condition of Enable signal when the power turns
on.)

(b) Clear Display

RS R/W DB, DBs DBs DB. DB, DB, DB, DBo
Code [0 [0 Jo [o Jo Jo Jo JoToT 1]

Clear display instruction is executed when the code "1” is written into DBo.
When this instruction is executed, the space code (20)= is written into every DD RAM ad-
dress, the DD RAM address 0 is set into the address counter and entry mode is set increment.
If the cursor or blink are displayed, they are returned to the left end of the LCD (the
left end of the 1st line in the 2-1ine display mode).
The S of entry mode does not change.
Note: The character pattern for character code (20)u must be blank code in the user-defined
character pattern(Custom font).

(c) Return Home

RS RW DB; DBs DBs DBs DB. DB, DB: DBy
Code [0 JO [0 fo Jo oo TToT 1 [x] *=pmtcare

Return home instruction is executed when the code "1” is written into DB.. When this
instruction is executed, the DD RAM address 0 is set into the address counter. Display is
returned its original position if shifted, the cursor or blink are returned to the left end
of the LCD (the left end of the 1st line in the 2-line display mode) if the cursor or blink
are on the display.

The DD RAM contents do not change.
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(d) Entry Mode Set

RS RN DB, DBs DBs DB, DB, DB, DB, DBo
Code fO [0 Jo Jo [o oo l1 [im|s |

Entry mode set instruction which sets the cursor moving direction and display shift
On/0ff, is executed when the code "1” is written into DB. and the codes of (1/D) and (S) are

written into DB:(1/D) and DBo(S), as shown below.

(1/D) sets the address increment or decrement, and the (S) sets the entire display shift

in the DD RAM writing.

/D Function

1 Address increment: The address of the DD RAM or CG RAM increment ( +1) when

the read/write, and the cursor or blink move to the right.

0 Address decrement: The address of the DD RAM or CG RAM decrement ( -1) when

the read/write, and the cursor or blink move to the left.

S Function

Entire display shift.

The shift direction is determined by 1/D.: shift to the left at 1/D=1 and

1 shift to the right at the |/D=0. The shift is operated only for the charac-

into/from CG RAM.

ter, so that it looks as if the cursor stands still and the display moves.
The display does not shift when reading from the DD RAM and writing/reading

0 The display does not shifting.

WNew Japan Radio Co. Lt
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(e) Display On/0ff Control

RS R DB; DBs DBs DB, DB, DB. DB, DBo
Code [O [0 [0 Jo Jo Jo [1 [p [c[s |

Display On/Off control instruction which controls the whole display On/0ff, the cursor On/
0ff and the cursor position character blirk, is executed when the code "1” is written into
DBs and the codes of (D), (O and B) are written into DB=(D), DB,(C) and DBo(B), as shown
below.

D Function
1 Display On.

0 Display Off. In this mode, the display data remains in the DD RAM so that
it is retrieved immediately on the display when the D change to 1.

C Function

] Cursor On.  The cursor is displayed by 5 dots on the 8th line.
0 Cursor Off. Even if the display data write, the 1/D etc does not change.

B Function

The cursor position character is blinking. Blinking rate is 518.4ms at
1 fosc=330kHz for 24-character 4-1ine and 433.2ms at f.,=300kHz for others.
The cursor and the blink can be displayed simultaneously.

0 The character does not blink.

Note) The blink time alters proportionately by 1/fosc or 1/fc». For examole, when
the f.»=300kHz : 518.4 x (330/300) = 570.2ms. (For 24-Character 4-Line)

433.2 x (330/300) = 476.5ms. (For others)

5 Al

EREEN O NEEEN
Cursor
Character Font 5 x 7 dots Alternating display
(1) Cursor display example (2) Blink display example
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(f) Cursor/Display Shift
RS RM DB, DBs DBs DB. DBs DB: DB: DBo
Code |O [0 Jo Jo Jo 11 [sicfre ] | x| x=0ontcare

The Cursor/Display shift instruction shifts the cursor position or display to the right or
left without writing or reading display data. This function is used to correct or search
the display. In the 2-line display, the cursor moves to the 2nd |ine when it passes the 40th
digit of the 1st line. Notice that the 1st and 2nd line displays will shift at the same
time. When the displayed data is shifted repeatedly, each line moves only horizontally.

The 2nd line display does not shift into the 1st line position.

The contents of address counter (AC) does not change by operation of the display shift only.

This instruction is executed when the code "1” is written into DB. and the codes of (5/0)
and (R/L) are written into DBs(S/C) and DBz(R/L) as shown below.

S/C R/L Function

0 0 Shifts the cursor position to the left ((AC) is decremented bg N
0 ] Shifts the cursor position to the right is incremented y

1 0 Shifts the entire display to the left and the cursor fol|ows it

1 1 Shifts the entire display to the right and the cursor follows it.

(g) Function Set
RS RW DB, DBs DBs DB+ DBs DB> DB, DBo
Code JO [0 [0 Jo [1 [ou [N |* |E [E | *x=Don'tcare

Function set instruction which sets the interface data length and number of display lines,
is executed when the code "1” is written into DBs and the codes of (L), (), (E.) and (o)
are written into DB.(OL), DBs(N), DB:(E:) and DBo(Eo), as shown below (character font is
fixed 5 x 7 dots).

(DL sets the interface data length and (N) sets the number of display lines either the
2-line or 4-line and (E.), (Eo) select the display character number.

NOTE
This function set instruction must be performed at the head of the program prior to
all other existing instructions(except Busy flas/Address read). This function set in-
struction can not be executed afterwards unless the interface data length change.

DL Function
1 Set the interface data length to 8 bits (DB- to DBo)

0 %et the interface data length to 4 bits (DB; to DBs)
he data must be sent or received twice in this mode.

N El EO Display lines Display Digit Extension Driver
8 0 . %6 haracter

0 ] 2-line aracter 07C JU 07CR
] 0 Character NJ 078 07CR
1 1 40 Character
¥ 0 4-line 0 Character 21EC

1 ¥ 1 4 Character NJ 16, NJU64i5

New Japan Radio Co. L4, 5-361




NJUe4az26e

5-362 New Japan Radio Co. Lt

(h) Set CG RAM Address

RS RAW DB, DB DBs DBs DBs DB, DB, DBo
code [0 [0 [o [1 [afaaTnT]nTal]

«Higher Lower —
order bit order bit

Set CG RAM address set instruction is executed when the code "1” is written into DBs and
the address is written into DBs to DBo as shown above.

The address data mentioned by binary code " AMMMA " is written into the address counter
(AC) together with the CG RAM addressing condition. After this instruction execution, the
data writing/reading is performed into/from the CG RAM.

(i) Set DD RAM Address

RS RW DB, DBs DBs DB. DBs DB. DB: DBo
Code | O 0 1 A A A A A A A
«Higher order bit Lower order bit—

Set DD RAM address instruction is executed when the code "1” is written into DB; and the
address is written into DBs to DBo as shown above.

The address data mentioned by binary code ” AAMMAMAA " is written into the address counter
(AC) together with the DD RAM addressing condition.  After this instruction execution, the
data writing/reading is performed into/from the DD RAM.

Note : In case of the 2-line display(N=0), the address data is (00)x to (27)x for the 1st
line and (40)x to (67w for the 2nd line. And in the 20-character 4-line display(N=1,
E0=0), the TAAAAMAAJ is (00)x to (13)u for the ist line, (20)u to (33)x for the 2nd
line, (40)u to (53)x for the 3rd line and (60)u to(73)x for the 4th line. However,
in case of the 24-character 4-l1ine(N=1, E0=1), the TAAAAAMAI is (O0)u to (17w for
the Ist line, (20)u to (37 for the 2nd line, (40)u to (57)u for the 3rd line and
(60)x to (TN u for the 4th line.

Display Ist Line 2nd Line 3rd Line 4th Line
2-Line (OO)H - (27)1-1 (40)1-1 - (57)H - -

2039{'?;0 (00) H~ (]3) H (20) H ™ (33) H (40) H ~ (53) H (50) H = (73) H

24-CEar. (OO)H - (]7);4 (ZO)H - (37)H (40)H - (57)H (60)H - (77)H
4-Line

(j) Read Busy Flag & Address

RS RW DB, DBs DBs DB. DB> DB: DB, DB
Code {O [ 1 [BF [ A [ A A Ja[alna[al]
«~Higher order bit Lower order bit—

This instruction reads out the internal status of the NJUG426. When this instruction is
executed, the busy flag (BF) which indicate internal operation is read out from DB, and the
address of the CG RAM or DD RAM is read out from DBs to DBo (the address for the CG RAM or
DD RAM is determined by the previous instruction).

(BF)="1" indicates that internal operation is in progress. The next instruction is inhibi-
ted when (BF)="1". Check the (BF) status before the next write operation.
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(k) Write Data to CG RAM or DD RAM

RS RW DB, DBs DBs DB:. DBs DB. DB:. DBo
Code | 1 Jo {p [p [p{p [o |p[p |0
<Higher order bit Lower order bit—

Write Data to CG RAM or DD RAM instruction is executed when the code "1” is written into
(RS) and code "0" is written into (R/W).

By the execution of this instruction, the binary 8 bit data ” DDDDDDDD ” are written into
the CG RAM or DD RAM. The selection of the CG RAM or DD RAM is determined by the previous
instruction. After this instruction execution, the address increment(*1) or decrement (-1)
is performed automatically according to the entry mode set. And the display shift is also
executed according to the previous entry mode set.

(1) Read Data from CG RAM or DD RAM

RS RMW DB, DBs DBs DBs DBs DB. DB: DBo
Code | 1 1 D D D D D D D D
<Higher order bit Lower order bit—

Read Data from CG RAM or DD RAM instruction is executed when the code "1” is written into
RS) and R/W).

By the execution of this instruction, the binary 8 bit data " DDDDDDDD " are read out from
the CG RAM or DD RAM. The selection of the CG RAM or DD RAM is determined by the previous
instruction.

Before executing this instruction, either the CG RAM address set or DD RAM address set
must be executed, otherwise the first read out data are invalidated.

When this instruction is serial ly executed, the next address data is normally read from
the second read.

The address set instruction is not required if the cursor shift instruction is executed
just beforehand (only DD RAM reading).

The cursor shift instruction has same function as the DD RAM address set, so that after
reading the DD RAM, the address increment or decrement is executed automatically according
to the entry mode.

But display shift does not occur regardless of the entry mode.

Note: The address counter(AC) is automatically incremented or decremented by 1 after write
instruction to either of the CG RAM or DD RAM. Even if the read instruction is exe-
cuted after this instruction, the addressed data can not be read out correctly. For a
correct data read out, either the address set instruction or cursor shift instruction
(only with DD RAM) must be implemented just before this instruction or from the second
time read out instruction execution if the read out instruction is executed 2 times
consecutively.
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(3—2) Initialization using the internal reset circuits

(a) 16-character 2-line display in 8-bit operation (Using internal reset circuits).

At the 16-character 2-line display, the Function set, Display On/Off Control and Entry Set
Instruction must be executed before the data input, as shown below.

The DD RAM of the NJUG426 can store up to 96 or 80 characters, as explained before, there-
fore the advertising moving display is available when combined with the display shift opera-
tion. Since the display shift operation changes only display position and the DD RAM
contents remain unchanged, display data which are entered first can be output when the
return home operation is performed.

Initial ized.
Power On No display appears.
! RS R/W DB, DBs DBs DB. DBs DB DB, DBo
Set the 8-bit operation,
Function Set Oy o(O0[O0| 1| 1] 0| x| 0| 0| 16-character 2-line dis-
! play, 5 x 7 dots Font.
Turns on display and cur-
Disp.0n/0ff Cont 0] 0Oy OjOf0] 0| 1| 1] 1] 0| sor. Entire display is in
space mode set by the
} initialization.
Example for set address
Entry Mode Set 0Oyo0f{0[0f{0) 0| 0] 1] 1{O0]| increment and cursor
right shift when the data
{ mm to the DD RAM or CG

Write data to the DD/CG RAM
and set the Instruction

(b) 16-character 2-line in 4-bit operation (Using internal reset circuits).

In the 4-bit operation, the function set must be performed by the user programming.

When the power is turned on, 8-bit operation is selected automatically, therefore the
first input is performed under 8-bit operation. In this operation, full instruction can not
input because of terminals DBo to DBs are no connection. Therefore, same instruction must be
rewritten on the RS, R/W and DB~ to DB., as shown below. Since one operation is completed
by the two accesses in the 4-bit operation mode, rewrite is required to set the instruction
code in full.

16-character 2-line in 4-bit operation is shown as follows:
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Initial ized.
[ Power On | display appears.
l RS R/W DB; DBs DBs DB.
- Set the 4-bit operation.
|Funct|onSet ||0[0]0|0| l|0| This st is executed in 8-bit mode
! set by the initialization.
- Set  the 4-bit operation 16-character
lFunctuon Set | 0] 0| 0[0O0[1]0 2-line display, 5 x 7 dots Font.

0] 0| O x[0] 0 The 4-bit operation starts from this
l step.

- Turn on dispiay and cursor.
|D|sp.0n/0ff Cont] 00 ? 01 0] 0 Entire display is in space mode set by

! 111]0 the initialization.
Example for set address increment and
lEntry Mode Set | 0[0]0)0]0]O0 cursor right shift when the data write
l ofojo|11f1]0 to the DD RAM or CG RAM.

Write data to the DD/CG RAM
and set the Instruction -

(c) 20-character 4-line in 8-bit operation (Using internal reset circuits).
From 1st to 4th line displays will shift at the same time.

Initialized.
Power On No display appears.
! RS R/W DB, DBs DBs DB. DBs DB> DB: DBo
Set the 8-bit operation,
Function Set 0] O[Ol O] 1] 1] 1] x| x| 0| 20-character 4-line dis-
! play, 5 x 7 dots Font.

Turns on display and cur-
Disp.0n/0ff Cont 0 01 0{ 0] 01 O0f ] V| 1] 0f sor. Entire display is in

space mode set by the
i initialization.
Example for set address

Entry Mode Set 00| 0[O O[O)O| 1] ¥[O] increment and cursor
| right shift when the data

Write data to the DD/CG RAM
and set the Instruction
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(3—3) Initialization by instruction

If the power supply conditions for the correct operation of the internal reset circuits are

not met, the NJU6426 must be initialized by the instruction.

(a) Initialization by Instruction in 8-bit interface length.

5-366

Power On
l

Wait more than 15ms
after Voo rises to 4.5V

! RS R/W DB; DBs DBs DB DB: DB. DB; DB,
Function Set | | o] o] of o 1] 1] «[ ] «] ]
1
Wait more than 4.1ms
{ RS R/W DB; DBs DBs DB. DBs DB. DB: DB
Function Set 0101010 1] 1] x| x| x{ x
!
Wait more than 100us
! RS R/W DB; DBs DBs DB DBs DB. DB; DB,
| Function Set | [ o] o] o o 1] 1] x| x[ x]

RS R/w DB7 DBS DBS mtl DB3 [BZ DB] mO

Function Set of ofofof 1| 1] 1] «| x|
! RS R/W DB, DBs DB: DB+ DBs DB, DB, DB

Display Off o{ofojofoflo|1]o0]o]o
! RS R/W DB, DBs DBs DB. DBs DB, DB, DBo

[Disolay clear | [ o[ o[ o[ o[ o] o] o] 0] o]
! RS R/W DB, DBs DBs DB« DBs DB, DB. DB

[Entry Mode Set | [ 0] o] o[ o[ oJ o] o] 1] 1] 0]
!

Write data to the DD/CG RAM
and set the Instruction

Initialized.
No display appears.

Function Set
(8-bit interface length )

Function Set
(8-bit interface length)

Function Set
(8-bit interface length )

Busy Flag(BF) can not be
checked before this step,
but it can be checked
after this step.
After this step, busy
flag(BF) check or longer
waiting time than each
instruction = execution
time is required.

Set the 8-bit operation,
24-character 4-line
display, 5 x 7 dots Font.

Examle for set address
increment cursor
right shift when the
data write to the DD RAM
or CG RAM.

New Japan Radio Co. Lid
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(b) Initialization by Instruction in 4-bit interface length

Initial jzed.
Power On J No display appears.
!
Wait more than 15ms
after Voo rises to 4.5V
l RS R/W DB; DBs DBs DB+
) Function Set
[Fnctionset | [ o] o] o] 0o 1] 1] @bit " Rerface length )
!
|Wait more than 4.1ms J
i
Function Set
[Fnctionset | [ o[ o] o] o] 1] 1]  @bit interface leneth )
!
[ Wait more than 100is |
|
- Function Set
lFunctlon Set I l OI Ol 0‘ 0| 1 | 1 I @-bit mterface length )
Busy Flag (BF) can not be
checked before this step,
but it can be checked after 5
this step.

After this step, busy flag
(BF) check or longer wait-
ing time than each instruc-
tion execution time s
requi red.

RS R/W DB, DBs DBs DB
Function Set

Function Set 0| 0j0|j0CG;1]0 Set 4-bit interface length
! by 8-bit interface length.

Set the 4-bit operation,

Function Set olo|l 0|01 1]¢0 40-character 2-line display
! x| 111 5 x 7 dots Font.

[oisolayort | [0l of 0] 0| 0] 0

i
[pisplay clear | | 0| 0| 0} 0| 0] 0
| ol ofQl0O]O]1
Example for set address
E\try Mode Set l 01 0[010({0]10 increment and cursor right
ol ojoO0)1(1]0 shift when the data write

! to the DD RAM or CG RAM.

Write data to the DD/CG RAM
and set the Instruction

WNew Japan Radlio Co.Ltd. 5-367
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(4) LCD DISPLAY

(4—1) Power Supply for LCD Driving

NJUBAZ6 incorporate voltage doubler to generate LCD drivirg high voltage and bleeder

resistance.

The voltage doubler generate about twofold voltage from the V.. input voltage

( 9.5V typ at lout=2mA and V.:=5V ) and bleeder resistance generate each LCD driving voltage.
The bleeder resistance is set 1/6 bias suitable for 1/36 duty ratio and each resistance
value are 1kQ typ for Ri, Rz, R« and Rs, and ZkQ typ for Rs.

LCD Driving Voltage vs Duty Ratio

gowe[ Duty Ratio 1/36
Y I Bias 176
Vsour Voo to Vico
Voo{(+ 5 V)
I
Vei Vb N
Vi
NJUG426 Vico
C V3
Vs >
Cz 4 Ve
7J7_. Vss Vsout .17
() 1/6 Bias(1/36 Duty)

(Voltage Doubler unused example)

5-368
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Veo{(+ 5 V)

Vo(+ 5 V)
Vei Voo I‘N_
Ve
NJUG426 Vieo
Ci V3
Cz Vs T
Vs Vsout
+

. rﬁﬁmw

(b) 1/6 Bias(1/36 Duty)
(Voltage Doubler used example)




NJUGBG64az2=26

(4—2) Relation between oscillation frequency and LCD frame frequency.

As the NJUG426 incorporate oscillation capacitor and resistance for CR oscillation, 330kHz
oscillation is available without any external components.

The LCD frame frequency example mentioned below is based on 330kHz oscillation.
(1 clock = 3.0us )

1/36 duty

Voo

100 clock

lalslal o dmlalzlalal Jmlqlzlal

\ A

|

V2

C OM;, Va

Va

Vs

20-character 4-line Display :

1 frame = 3.0Cus) x 100 x 36 = 10.8(ms)
Frame frequency = 1/10.8(ns) = 92.6(H2)

™

1 Frame sle 1 Frame

h 4

4N

24-character 4-line Display :

New Japan Radio Co. Lid.

1 frame = 3.0(us) x 120 x 36 = 13(ms)
Frame frequency = 1/13.0(ms) = 76.9(H2)
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(5) Interface with MPU

NJUB4Z6 can be interfaced with both of 4/8-bit MPU and the two-time 4-bit or one-time 8-bit
data transfer is available.

(5—1) 4-bit WU interface

¥hen the interface length is 4-bit, the data transfer is performed by 4 lines connected to
DB. to DB; (DBo to DBs are not used). The data transfer with the MPU is completed by the
two-time 4-bit data transfer.

The data transfer is executed in the seaquence of upper 4-bit (the data DBs to DB: at 8-bit
fength) and lower 4-bit (the data DBo to DBs at 8-bit length).

The busy flag check must be executed after two-time 4bit data transfer (1 instruction exe-
cution). In this case the data of busy flag and address counter are also output twice.

RS
R/W m/
E — Y i——’ S N SR A & i—
Internal Sta(us‘4*“——————~J___M:;::::T:;_1
NO
08/ XIRRN o NG X[/ > [wes T TX0 X 0w XY/ 7/
Instruction Busy Filag Busy flag Instruction
Writing Check Check ¥riting
RS
R/W

e — N NN NS NN

0B 1Ry X TRy > (BF CAts X XOR XDRy
DBs X IR X IRe X e Atz X xR X OR}

DBe

TRs IRy X e Xt xR XoR¥X
DB. Re )R X XL XAeo X Xy X Ry

Writing instruction into |Readout Busy Flag(BF) Readout data Registar(DR)
instruction Register(IR) and Adress counter{AC)

(5—2) 8-bit MU interface

RS

R/¥

VAR WA A WA /N
Internal Status ] operation L___‘Wﬂ;“_______kAr___—‘A-__

08 2K ata X/ wsy N mus WLLLTTDNBesy X vara Y7777,

¥riting Instructiom inte

Busy Flag
Check

Busy Fiag
Check

Busy Flag
Check

Writing Instruction into

Instraction Register (IR}

Instruction Register(IR)
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B ELECTRICAL CHARACTERISTICS

B ABSOLUTE MAXIMUM RATINGS ! ( Ta=25C )
PARAMETER SYM_?OL X RATINGS UNIT
Supply Voltage (1) Voo -03~+7.0 y
Input Vol tage Vr - 0.3 ~ Vopt).3 v
Operating Temperature Topr - 3V~+ 8 C
Storage Temperature Tstg - 95 ~+ 125 C
Note l; I the LS| are used on condition above the absolute maximum ratings, the LS| may be de-

stroved. Using the LS| within electrical characteristics is strongly recomended for
normal operation. Use beyond the electric characteristics conditions will cause mal-
function and poor riliability.

Note 2) All voltage values are specified as Vss = OV

Note 3) The relation : VooV >Ve=Vsour , Ves=0V must be maintained.
Turn on Voo and V. at same time or turn on Voo first then turn on Ve: must be reauired.
If the turn on seaquence does not meet above conditions, latch uwp will occur.

Note 4) Decownling capacitor(Co) should be connected between V.: and Vss due to the stabilized
operation for the voltage doubler.

( Voo=5V+10% , Ta=-20 ~ +75C )

PARAMETER SYMBOL CONDIT|ONS MIN TYP MAX _TUNIT | NOTE
Operating Voltage Voo 4.5 5.0 5.5 v
Viu 2.3 Voo
Input Voltage Vi 0.8 v 5
Vou -l on=0. 205mA 2.4
Output Voitage Vou [o.=] 6mA 0.4 v 6
Driver On-resist. COM | Rcom | +1d=0.05mACAIl com.term.) 10 al g
Driver On-resist. (SEG) | Rszs | 1d=0.05mA(Al] seg.term.) 10
input Leakage Current lus Vin=0 ~ Voo -1 ] WA 7
Pull-up Resist Current ] -I» Voo=bV,RS,R/W,DB Terminals | 50 125 250
Qggrati 8 Current Iop VDD:SV, fosc=330kHZ 2.0 4.0 mA 8
Qutput Vor Ta=25C lour=HmA -3.0 [-4.0 v
Voltage Voltage Vsour Terminal | lour=1mA -4.6 |-4.8
Doubler | Input Volt. Ve - 2.5 5.5 v
Conv. Effici Ver =00 95.0 | 99.9 %
L. R, 1.00
Built-in
Bleeder resistance R . 1.00
Gor LCD Drivi Rs Ta=25C 2.00 kQ
or riving
Yol tage) R4 1.00
Rs 1.00
Oscillation Freauency fosc | Vop=hY, Ta=25C 280 330 3% kHz
LCD Driving Voltage Vien Vsour Terminal, Voo=5Y VDDé 0 VD]]J:_‘] 5 v 10

Note 5) Input/Output structure except LCD driver are shown below:

Input Terminal Structure

PHOS

NMOS

PHOS

[nput/Qutput Terminal Structure

r

Pm)sg‘/“D
|—|$ PHOS

NMOS

NHOS

E%PHOSE

Pnos(l—;"—T—G:“E““E
Nnosf}—

DBo to DB; Terminals

E Terminal RS,R/W Terminals

DATA

New Japan Radio Co. Lt 5-371
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Note 6) Apply to the Output and Input/Output Terminal.

Note 7) Except pul |-up resistance current and output driver current.

Note 8) Except Input/output current but including the current flow on bleeder resistance.
If the input level is medium, current consumption will increase due to the penetration
current. Therefore, the input level must be fixed to "H” or "L".

Operating Current Measurement Circuit

+ 5V
A
Voo Vei +
Co
Ci 10uF
+ !
4. T uF Vs
Cz2
Vsour 9
Vs L
104F

NJU®64 26 [+

|

N

Note 9) Rcom and Rsec are the resistance values between power supply terminals (Voo, Vsour) and
each common terminal (COM: to COMss), and supply voltage (Voo, Vsour) and each segment
terminal (SEG; to SEGso) respectively, and measured when the current Id is flown
on every common and segment terminals at a same time.

Notel0) Apply to the output voltage from each COM and SEG are less than =+0.15V against the
LCD driving constant voltage (Voo, Vi, V2, Vs, Vs, Vs) at no load condition.

Vol tage Doubler Measurement Circuit Internal Bleeder Resistance
Voo
Vob 5 V
Vi R
+C D !
ci ! 10aF Vi
+
Rz
s 4.7 F Ve o Ve
V ss V 50UT R
10xF Vs —O Vs
NJ UGB 4 28 A Ra
Va
Rs
Vs —O vs
NJUG426 internal

* Voltage Doubler Internal Clock Frequency = 10 ~ SkHz

5-372 New Japan Radio Co. Lid.
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« Bus timing characteristics (Voo = 5.0V+10%, Vss = OV, Ta = -20 ~ +75C)

Write operation ( Write from MPU to NJUB426 )

PARAMETER SYMBOL | MIN MAX | CONDITION fUNIT
Enable Cycle Time tovce 500
Enable Pulse Width | "High” level | Pven | 220
Enable Rise Time, Fall Time tec, tee 20
Set up Time [RS, R, E | tae 40 fiel | ns
Address Hold Time tan 10
Data Set up Time tosw 60
Data Hold Time tu 10

Timing Characteristics (Write operation)

74
Vinl
RS ><r< ViLl

ViHl

VIL

tAS

R/W % ViLl

iLl
PWER tAR
[ T PR <AL
E / Vinl Vin] Lo
Vi N VL %Vm
k- tps tH
tEr Vi
o 1V
DBe ~DB- Valid Data _><
ViLl Vivt
tCYCE
fig. 1
Read operation ( Read from NJUG426 to MPU )
PARAMETER SYMBOL MIN MAX | CONDITION JUNIT
Enable Cyc|e Time toves 500
Enable Pulse Width | "High” level | Pues | 220
Enable Rise Time, Fall Time ter, ter 20
Set wp Time [RS, AW, E | tas 0 fie.2 | ns
Address Hold Time tan 10
Data Delay Time toow 120
Data Hold Time toon 20

WNew Japan Radio Co., L.
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Timing Characteristics (Read operation)

4
RS >/ Vini
VLl

Vlnl\’\<
Vi

tas tad
R/W / Vin \wlm
P¥ER tan
E Vinl ALY
— -
VL Vit N tEf Vi
tEr k—tDDR
oMt
Vonl
DBs ~DB, Valid Data
Voil Vou1
tevee
fig. 2

Segment Extension Signal Timing Characteristics (Voo=5.0V£10%,Ta=-20~75C)

PARAMETER

SYMBOL | MIN MAX JCONDITION JUNIT

Clock Pulse Width | "High” level

town

Clock Pulse Width | "Low” level

800
tew 800
500
300

Clock Set wp Time tesu

Data Set up Time tsu fig.3 ns
Data Hold Time tox 300

M Delay Time tom -1000 | 1000

Clock Rise Time, Fall Time tc 100

Segment Extension Signal Timing ‘.1

0.9Vpo
CL: /

tewH

tes
-

y 3 0.9 Von

\ 0.1 Voo

tcwn

tesy
0.9Von| A X 09 Vyo /—_\—/_\_
CL: \
0.1 Von k. 0.1 Vor 0.1 Vo

tcsu et tewe
F09Vos| 09 Vm]
D |
0.1V 0.1 Voo
tsc toM
0.1 Voo
— tom

fig. 3
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DB, to DB~ load circuit
5.0V

Ru=2.4kQ

Test Point

130pF 10k

Segment signal foad circuit

I

+ The Input Condition when using the Hardware Reset Circuit

60pF

Input Timing
trsL
VDD
RESET
0. 2Vop
PARAMETER SYMBOL | MIN MAX CONDITION JUNIT
Reset imput L™ Level Width trsL 1.2 - fosc=330kHz | ms
- Power Supply Condition when using the internal initialization circuit(Ta = -20 ~ +75°C)
PARAMETER SYMBOL | MIN MAX | CONDITION JUNIT
Power Supply Rise Time t.op 0.1 10 s
Power Supply OFF Time torr 1

Since the internal initialization circuits will not operate normally unless the above
conditions are met, in such a case initialize by instruction.
(Refer to initialization by the instruction)

rDD

0.1ms=t:po=10ms

torr

torr=Ims

torr specifies the power off time in a short period off or cyclical on/off.

New Japan Radio Co.Lid
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M8 LCD DRIVING WAVEFORM

1736 Duty Driving

Voo
L [ S— (2
COM, :r,' N ~4 i 5
COM, : :
COM, COM, V, y P f 'l
Com, v, { 7 D) )] J)
COM; Vs
COM, Voo
com; v, ( 4 4 {5
COM, v, R ” d Y
COMy Vs « @ i
COM, v, { ! 5
p) )] »] )
COM o Vs
oM,
COM,, Voo .
com. . V, — et 45 i 4§
COM,, Ve
COM. COMy Vs . . (@ '
COM,5 hy - i - d
vi
COM,; Voo
COM,s Vi e 4
J })
COMyy — — v, ) -
COM,y —| COMis Vs ( ‘ (
£t I
coM;  —] v, ) — ) )
COM,, Vs
COM3; v
COMa, v G R —({
) )} ) T !
COM,5 V2
COMye COM; V, & V(— (S, ’s—-—
COM,, r— Ve ) d ) -
COMz Ve
COMys Voo
COMas M 4 5 ) 5
com,, —| Y
COM,, COM2 V,
V. § 5 § ir
3% = ) R
CoMs @ Vs
SESS 3 Voo ;
“ ( 4 4
Bahna w y Z 1P
2
COM2s v,
v ' /a L V(-
v‘ T B2 ) Pl
5
Voo
{t
Vi ;; ;j ’; )’
V2
COMs2 V,
v {{ {0
. - 12 P R4
Vs
VBD
7 £
Vi Y % 2 — )
V2
COMyy Vs
v L (L ¢
. p)] )] J} n
Vs
vo | o )I L
Ve ] T 1]
v, —] L{( LT 1 )\—l
SEG, v; \ LA 4 \) 17 ; A
3
v N T d J 1
M [ S ) | I
. v V/4 A\
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I APPLICATION CIRCUITS

(1) 16-character 2-1ine Display Examole (1/6 Bias, 1/36 Duty)

CoMe

COoM16

COM1

CoM3B

S i LED Panel

coMI7 (16-Character
i 2-Line)

'
coM24

NJUg426
COM25

)
COoM32

COM33 []:]- & g« J’];ﬂ ................
SEGI |

Icon Display

1
SEG40
CL,

CL:

WNew Japan Radio Co. LA, 5-377
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(2) 40-character 2-line Display Examle (1/6 Bias, 1/36 Duty)

CoMms

COM16

COM1

CoM8

com1?
5
coMz24
)
COM25

COM32

COM33

SEG1

SEG40

CLa

CL;

5-378
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: = —] LCD Panel
——H=E == (40-Character
2-Line)
6.2 o |||
Icon Display

LP SEGI ~SEG60

SGL ~SEG40

LM NJUs417¢

10A,
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(3) 8-character 4-line Display Example (1/6 Bias, 1/36 Duty)

NJU6426

COM1

CoMs8

COM9

COM16

COM17
'

COM24

COM25
COM32
COM33

SEGI

i
SEG40

CL,
CL,

8- g a0

A

WNew Japan Radio Lo, Lid

LCD Panel
(8-Character
4-Line)

lcon Display
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(4) 24-character 4-line Display Examle (1/6 Bias, 1/36 Duty)

COoM1

COM8

COM9

co:ms LCD Panel
comt (24-Character
: 4-Line)

CcoM2¢4 | TTF

NIUBA26
COM25

COM32

B i S
o =] |

SEG40 -

Icon Display

SEGI ~SEG80
cL: Lp

CL: p———-—-sCL

NJUs416
I ——

D t——J10a

5-380 New Japan Radio Co. L4d
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zad  o0dd (o214
gdd ! !

vdd ‘ !
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I
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